[methyl-3H]thymidine-labeled DNA from natural populations of aquatic bacteria was completely separated from RNA and protein by hydroxylapatite chromatography. The procedure was validated by monitoring increases in Escherichia coli cell count, A550, DNA concentration, and thymidine incorporation into DNA isolated by the proposed technique. The procedure can be used in the field and does not rely on the use of acid-base hydrolysis or volatile organic solvents.
The use of [methyl-3H]thymidine by Fuhrman and Azam (7) to measure bacterial production in aquatic habitats has stimulated research in microbial ecology. The thymidine technique has been shown to be specific for heterotrophic bacteria; all cyanobacteria, eucaryotic algae, and fungi that have been investigated lack thymidine kinase or at least have been shown not to incorporate thymidine directly into DNA (17) . The analytical procedures of Fuhrman and Azam (7) have been used by others (3, 11, 20) and subsequently modified (6, 21) . Although these procedures may seem to give reasonable estimates of bacterial productivity, they have three major drawbacks: (i) the imprecision of the factor which converts rates of thymidine incorporation into rates of bacterial production (2, 10); (ii) the unknown percentage of the microbial population capable of incorporating extracellular thymidine (17, 18) ; and (iii) the need to assume what fraction of the cold trichloroacetic acid (TCA)-insoluble material is DNA (7, 11) . The method of extraction and purification of DNA labeled with [methyl-3H]thymidine has been advocated by many researchers (5, 15, [21] [22] [23] . Often, this process has been performed by the acid-base hydrolysis procedure originally used for aquatic bacterial production estimation (7) . The procedure has been slightly modified by others (11, 19) , and even the nucleases DNase and RNase have been used to confirm the identities of the three fractions obtained (19) . The acid-base hydrolysis of the TCA-insoluble fraction has recently been shown to be inadequate for quantifying labeled DNA in the presence of other labeled macromolecules (22) . However, that paper did not present sufficient data to confirm that the radioactivity of the DNA fraction is influenced by the unknown nature of the possible RNA fraction. The need for DNA purification has been indicated, and three alternative procedures to the acid-base hydrolysis scheme have been proposed (23, 26, 27) . Witzel and Graf (27) ruptured 3H-labeled microorganisms by grinding them with sea sand at a low temperature, centrifuging the sample, and then using hydroxylapatite columns to isolate the nucleic acids from protein and other radiolabeled contaminants. The RNA was eluted with 0.14 M phosphate buffer, and the DNA was eluted with 0.24 M phosphate buffer. Under these elution conditions, the RNA and DNA overlap and are not quantitatively separated (K.-P. Witzel, personal communication). In addition, Marmur (12) states that cells ground in alumina or glass powder yield a DNA of lower molecular weight than the DNA released by enzyme * Corresponding author. or detergent lysis. Servais et al. (23) lysed tritiated thymidine-labeled bacteria with detergent and then incubated a sample with DNase to selectively hydrolyze the DNA. The macromolecules from both the DNase-treated and untreated solutions were precipitated with TCA, and the DNA was determined by the difference in radioactivity between the treated and untreated solutions. Wicks and Robarts (26) advocate washing the TCA-precipitated macromolecules (after RNA has been removed by alkaline hydrolysis) with phenol-chloroform to remove the protein, with an additional 80% ethanol wash to remove lipids and unincorporated thymidine. In this paper, we report a modification of the hydroxylapatite procedure (27) and compare it with TCA precipitation of macromolecules (7) (14) . Since gram-negative bacteria are the predominant bacteria found in most freshwater ecosystems (9), we feel that our lysing reagent lyses the majority of the bacterial cells found in the aquatic environment. Even short exposure (30 min) to TCA is assumed to cause cell lysis, but microscopic examination of the cells has not confirmed this assumption (19) . Extracting the filtered cells with NaOH (26) seemed an ideal procedure to lyse cells. However, when
[3H]DNA was dissolved in 0.25 N NaOH, neutralized, put in MUP buffer, and run through the hydroxylapatite procedure, a recovery rate of only 60% was obtained. The probable explanation is that when DNA is exposed to a pH of at least 12 or to a pH lower than 3, single-stranded molecules with half the molecular weight of native DNA are produced (25 stranded DNA does not have the same affinity for hydroxylapatite as native double-stranded DNA (14) and therefore was eluted with the initial buffer. Protein and RNA are also completely eluted in this fraction (1, 14) .
Comparison of TCA, phenol-chloroform, and hydroxylapatite. Three of the commonly employed procedures were tested for thymidine incorporation into DNA, DNA recovery, radioactivity of controls, and reproducibility. Table 2 shows that the cold-TCA precipitate contained the highest radioactivity in the sample as well as in the control, the lowest sample coefficient of variation, and 91.8% recovery of DNA. However, several researchers (22, 23) have previously shown and we have also demonstrated (unpublished results) that macromolecules (protein, RNA, and perhaps lipids) other than DNA are labeled in the presence of tritiated thymidine. The radioactivity retained by TCA precipitation would therefore be expected to be greater than that retained by methods which selectively recover only DNA. The acid-base hydrolysis procedure recommended by Fuhrman and Azam (7) was not used in this study because of Time (h) its inaccuracy in differentiating DNA, RNA, and protein (19) . The phenol-chloroform procedure (26) 
